S U M M A R Y A double-blind study of the short-term 
Several hundred patients with spasticity (mainly from cerebral palsy) have now been treated in various centres by chronic cerebellar stimulation (CCS) , and there is increasing agreement that the therapeutic response-a generalised muscular relaxation-is clinically useful Cooper, 1977;  Davis, 1977; Larson, 1977; Penn and Etzell, 1977) . It has been found that the beneficial results of stimulation occasionally appear on the day that stimulation starts, but most patients do not begin to experience improvement until after several days, and a few not until after several months of continuous stimulation. In patients who respond well, the clinical effects are established by three to six months after starting CCS. On the other hand, immediate neurophysiological changes (in particular, changes in the amplitude of H responses and somatosensory cerebral evoked potentials) have been reported to occur, with complex patterns of recovery lasting up to 30 minutes, after stimulation for as short a time as one minute (Upton and Cooper, 1976) . The discrepancy between the speed and size of these reported physiological changes and, in most patients, the long latency and gradual progression of the clinical changes, raises questions about the relationship between the two phenomena. The present study was designed to see whether physiological changes persisted or were recruited over the course of several hours, and whether the clinical consequences of such changes could be identified.
Efjects of cerebellar stimulation in spasticitv ported useful clinical improvement as a result of chronic cerebellar stimulation (Table 1) . They were told that the strength of stimulation would change from day to day, that the investigator would not know the strength of stimulation, and that they would be asked to identify the two best days of the trial. Eight normal subjects aged 20-36 years underwent motor function testing. They were not paired with the patients because the intention was to provide a qualitative rather than a quantitative comparison between normal and spastic subjects. Normative data for monosynaptic and vibration reflex testing were adopted from previous studies (McLellan, 1973) .
The patients were being treated with the Avery stimulation apparatus. A radiofrequency (RF) signal was transmitted transcutaneously from antennae taped on the skin to two RF receivers permanently implanted beneath the skin. The receivers demodulated the RF signal to capacitatively coupled monophasic pulses lasting 0.5 ms. at a frequency of 200 pulses per second. The receivers were connected by insulated wires to Avery eight-button electrode arrays on the superior surface of the left and right cerebellar hemispheres as described previously . The location of the cathodes relative to the anodes was not standardised. The two receivers were activated alternately, changing every 60 seconds.
The geometric surface area of the cathodes in each electrode array was 32 mm2. The strength of the signal emitted by the stimulation apparatus was checked in the manner recommended by the manufacturer. A receiver was totally embedded in a perspex block. Table 2 , and the key was left unopened until after all the results had been assessed at the end of the trial. At 21.00 on the evening before the first day, the pads from the envelope marked "day 1" were taped on the skin over the implanted RF receivers, and the antennae were taped over the pads. At 21.00 the next night these pads were replaced by those from the next envelope. Nine patients completed this trial over four consecutive days but unavoidable delays occurred in two patients ( Fig. 1 . The amount of EMG in each phase-that is, flexion or extension-of movement across the window was indicated by the height of a spike on the chart recorder (Fig. 2 ).
The mean of 15 cycles was measured. The amount of EMG during relaxation was divided by the amount of EMG during contraction and expressed as a percentage or "index of co-contraction" for each muscle (McLellan, 1977) . Thirty cycles of movement were averaged by the CAT, the averaged signals being drawn out on an X-Y plotter to show the phase relationships between joint angle, angular velocity, and the peak EMGs of the two muscles (Fig. 3) .
To prevent the observer from detecting the operation of the patient's stimulator, a large artefact signal was added to the EMG input by a laboratory RF transmitter synchronised with the patient's stimulator. Such a signal would be summed with the EMG by the integrators.
Therefore, immediately before measurements of co-contraction or stretch responses were made, the patient's stimulator and then the laboratory transmitter were turned off. As soon as the recording had been made, the transmitter and stimulator were turned on again. All other measurements were made with the patient's stimulator turned on. Hugon (1973 Tables but statistical  analysis was performed also for the six patients whose clinical response had been good. For these six patients and for the whole group of 11, the first day and the fourth day were compared to establish whether there was a practice effect. The first day on stimulation was compared with the first day off stimulation, and a similar comparison was made between the second days on and off stimulation. Both days on stimulation were compared with both days off stimulation. Finally, where stimulation had not changed during two consecutive days, the first day was compared with the second. Statistical analysis of those comparisons showed no significant differences even at the 10% level. When data from the individual patients were studied, striking differences were seen only in patient 11.
Results

CLINICAL OBSERVATIONS
The observer was unable to distinguish days on from days off stimulation on the basis of clinical examination in any patient. In patient 8, left cerebellar stimulation produced a buzzing sensation and hypaesthesia in the left side of his lower jaw. The patient had made an excellent clinical response to CCS. He reported the absence of buzzing D. L. McLellan, M. Selwyn, and 1. S. Cooper sensations during the days off stimulation but was unable to detect any changes in function during the four days. The code for patient 6 was inadvertently broken on the fourth day when the observer received a telephone message from an EEG technician saying that the patient's stimulator did not appear to be working. The patients were unable consistently to identify the stimulation days on the basis of their performance. There may have been two exceptions. An extra day was unavoidably interposed within the trial of patients 7 and 11. Thus, patient 7 continued wearing his day 2 pads for a further 24 hours after assessment. His mother later commented that on the second of these days, when no formal assessment was made and he had been off stimulation for 48 hours, his speech was slower and it was more difficult to dress him than usual because of stiffness of the shoulders. Patient 7 himself expressed no preference for any particular day, and in retrospect did not feel his performance had been noticeably worse on the day mentioned by his mother. Nevertheless, the time course of the alleged deterioration was consistent with his own account of the time it usually took for the effects of stimulation to wear off (Table 3 ). The final assessment of patient 11 was delayed for 24 hours. At that time after being off stimulation for three days, she reported that both legs were stiffer and harder to lift off the ground. She noted no change in speech or upper limbs. The changes in her legs were consistent with her own account of the habitual latency of the effects of stopping stimulation. Table 5 Passive stretch responses to sinusoidal displacement in 11 patients: mean±SD. The passive stretch index is the ratio between the amount of EMG generated during passive stretch and the amount generated during passive shortening of the same muscle Despite the acute changes that have been reported to occur in response to short bursts of cerebellar stimulation, no statistically significant changes were seen over the few days of observation (Table  6 ). The change that approached nearest to statistical significance was the lengthening of the H refractory period. Inspection of the data indicated that one patient (11) showed a striking shortening of her refractory period when stimulation stopped. Moreover the effects of muscle vibration on the H response were smaller when she was off stimulation ( Table 7 ). The strength of the TVR did not change. (Upton and Cooper, D. L. McLellan, M. Selwyn, and 1. S. Cooper 1976 ) but these findings could not be replicated during the present study some six months later. These studies will be described in detail in a later report. When the results were analysed using Student's t test, none of these seven patients showed statistically significant acute changes of H response amplitude. Somatosensory evoked potentials were not recorded.
Discussion
In the face of the negative findings described in this paper, we wish to emphasise that most of these patients had derived definite clinical benefit from CCS as in Table 1 (Upton and Cooper, 1977 Fig. 4 .
Despite this dissociation between the occurrence of acute and chronic changes, both the clinical and the acute physiological effects of CCS appear to be more pronounced in the dominant than in the non-dominant limbs (Tables 3 and 8, and  Upton . In view of the fact that the patients reported here did not feel subjectively improved on their days on stimulation, our failure to show improvement in the pattern and speed of movement probably means that no improvement occurred during the trial. It is well known that the greatest overflow into inappropriate contraction of spastic muscles occurs during vigorous voluntary effort. In addition, there may be fundamental physiological differences between a simple, purely voluntary movement and semivoluntary movements such as walking, or the maintenance of posture.
The clinical reports of the effects of CCS suggest that some of the principal improvement is in posture and "general muscle relaxation", neither of which was monitored in the present study because of the obvious practical difficulties. A secondary goal of this study was to perfect a method of "blinding" both patient and observer to the operation of the stimulator.
The method of aluminium foil shielding would not be suitable for longer-term investigation because the patients would notice that their batteries discharged more quickly. An EEG recording and possibly radio interference could provide additional clues. The most effective method of "blinding" the observations would be to have a switch located on the wires between receiver and electrode that could be operated externally. It would also be necessary to render the stimulator controls inaccessible to the patients, who might otherwise succumb to the temptation to increase the voltage of stimulation to the level at which they would anticipate headache. When comparing different strengths of stimulation, it is not possible with present apparatus to know precisely what current is flowing into the electrodes, or to test whether the threshold for stimulation of the cerebellum itself has altered.
Little change is likely to have occurred over four days but serious errors could arise in assessing the results of chronic stimulation. (Upton and Cooper, 1977) .
A review of the physiological mechanisms involved in CCS is beyond the scope of this paper. The initial concept of specific activation of Purkinje cells has been modified by the discovery that many other neurones respond to stimulation of the cerebellar surface. Several alternative or additional mechanisms have been suggested such as antidromic activation of the ascending reticular function or progressive and sustained adaption of neurotransmitter release (Bantli et al., 1976; Wood et al., 1977a, b) . The difference in latency between immediate physiological changes and slow progressive clinical changes suggests that different mechanisms underlie the two phenomena. Clinical studies which employ techniques similar to those described here should allow at least three days and preferably 10 days for the effects of a change in the strength of stimulation to appear. 
